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HABITAT RELATIONSHIPS OF GLAUX MARITIMA IN CENTRAL UTAH
Jack D. Brotherson' and Sarah

J.

Barnes'

sites were established in the meadow communities surrounding Utah Lake in cenranged across several commimity types. Glaux maritima was found in all sites but varied as
to its ecological importance in these communities. Si.xteen soil factors were measured relative to the stands studied.
Clover of Glaux ituihtinui correlated with parts per million sodium and total soluble salts in the soil. No other factors
correlated significantly with the cover of Glaux maritima. Glaux maritima occupied only those sites with high levels
of moisture throughout the growing season. The high moisture levels came from springs, seeps, elevated water tables,
and earlv seasonal inundation. High levels of Glaux maritima cover corresponded to low numbers of species in the

,\bstract.— Thirtv-five study

tral

Utah.

The study

sites

habitat.

Glaux

inaritirna (Sea

milkwort)

is

known

in

the geological record from organic deposits
of Devensian (last glacial) age from England
and Europe (Adam 1977). It is a succulent,
halophytic forb whose optimal growth occurs
in habitats

In

soils.

with moderately to highly saline
northern hemisphere, it is re-

tlie

stricted to coastal tidal

and inland alkaline

marshes and meadowland areas (Hitchcock
and Cronquist 1973).
Most of the research on Glaux maritima
has been done in Europe and has emphasized
its

physiological and histological character-

istics.

Rozema and Riphagen

(1977) found

more saline the soil, the more salt
was secreted by its salt glands. The structure
and fimction of the salt gland itself was studied in depth by Rozema et al. (1977). Rozema
(1975) stated that there was no conclusive
that the

evidence to prove that salinity has a stimulating influence

on the growth of

Carbohydrate concentrations

this species.

the

in

hiber-

nacle roots of G. maritima were studied

Grandin (1973). Other research on
includes salt secretion

nitrogen metabolism

(Rozema

et

(Stewart et

its

al.
al.

by

biology
1981),
1973),

and soil water
saturation on the development and carbohydrate and mineral content of the plant (Granthe effects of sodium chloride

din

1981),

and community relationships of Glaux maritima in North America.
The purpose of this paper is to discuss the
habitat and community relationships of
Glaux maritima in central Utah. An understanding of these factors should be of value to
the management of wetland habitats involving this species.

Study Area

The study sites (35) were established in
meadows surrounding Utah Lake in Utah
County,
Utah (Lat. 40°10'N, Long.
11°50'W), where the mean elevation above
sea level was 1377 m. Weather information
characteristic of the study site

best repre-

boundaries being studied. Average temperatures range from 33 C in July, the hottest
month, to 3 C in January, the coldest. Precipitation is in the form of both snow and rain,
averaging 340
annually, with 60% falling
during the winter and spring months. The annual precipitation of adjacent mountain
(Morranges averages from 760 to 1270

mm

mm

den

1980).

geographic distribution patterns

(Dapper 1969, Rozema 1975, and Toman
1976), population dynamics (Rozema et al.
1978), and soil relationships (Konovov 1978).
Little if any has been written on the habitat

is

sented from data taken at the Provo City airport, which lies within the community

Materials and Methods
Thirty-five study sites

lected from saline

the Utah

'Department of Botany and Range Science, Brighani Young University. Provo, Utah S4602
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were randomly

meadow communities

Lake area

(Fig.

1).

A

10 x 10

se-

in

m
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of 0.01 so they covild
all data analyses.

be included

in the over-

Three soil samples were taken in each plot
(from opposite corners and the center) from
the top 20

cm

of soil

and

later

combined

for

laboratory analysis. This depth was considered adequate because Ludwig (1969) in a
of different foothill communities in
Utah showed that the surface decimeter of
soil when sampled with reference to mineral

study

concentrations yields

80%

of the information

useful in correlations with plant data.

Holm-

gren and Brewster (1972) also showed in a
study of desert shrub communities in western
Utah that greater than 50% of the fine roots
(those most likely to absorb soil minerals)
were found concentrated in the upper 15 cm
of the soil profile.

With respect

to grasslands,

Christie (1979) found that the top layer of
soil

is

the region of most active mineral

uptake.

The following
ed for each

characteristics

were recordfrom pub-

plot: elevation (taken

Department of Interior GeologiSurvey 7.5 minute series topographic

lished U.S.

cal

Fig.

1.

Map showing

the locations of 35 study sites

near Utah Lake in central Utah.

study plot (0.01 ha) was established at each
site.

Study plots were delineated by a cord 40

m

m

for corners.
long with loops every 10
The comers were secured by steel stakes.
Each plot was subsampled with twenty 0.25

m^ quadrats distributed across the surface

of

the plot in a grid of five evenly spaced transects of four quadrats each. This

placement

maps); percent slope; slope position (1 =
ridgetop, 2 = midslope, 3 = drainage accumulation area); moisture (1 = dry, 2 =
moist, 3 = wet, 4 = seasonally inundated, 5

submerged); grazing impact (0 = none, 1
2 = moderate, 3 = heavy).
Soil samples were analyzed for texture
(Bouyoucos 1951), pH, soluble salts, mineral

=
=

light,

composition, and organic matter. Soil reaction was taken with a glass electrode pH meter. Total soluble salts were determined with
a Beckman electrical conductivity bridge. A
1:1 soil-water paste (Russel 1948) was used to

kept the quadrats equal distances from each
other and spread them uniformly across the

determine

plot.

monium

Total living plant cover, plant cover by
life fonu (i.e., trees, shrubs, subshrubs, per-

magnesium, potassium, and sodium (Jackson
1958, Hesse 1971, Jones 1973). Zinc, manganese, iron, and copper were extracted from
the soils by use of DTPA (diethylenetriam-

ennial forbs, perennial grasses, sedges, rushes,

annual grasses, annual forbs, cryptogams), litter, exposed rock, bare soil were ocularly estimated from each quadrat following a pro-

cedure suggested by Ostler (1980). Cover for
all plant species encountered was also estimated iLsing the cover class categories suggested by Daubenmire (1959). In addition, all
species occurring within the study plot but
not encountered

were

listed

in

the quadrat subsamples

and given a percent cover value

pH and total soluble salts. Soils
were extracted with 1.0 neutral normal amacetate for the analysis of calcium,

ine-penta-aceticacid) extracting agent (Lindsay and Norvell 1969). Individual ion concen-

were determined using a PerkinElmer Model 403 atomic absorption spectrophotometer (Isaac and Kerber 1971). Soil
phosphorus was extracted by sodium bicarbotrations

nate (Olsen et
sis

al.

1954). Total nitrogen analy-

was made using macro-Kjeldahl pro-

cedures (Jackson 1958). Organic matter was
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determined by total carbon measurement via
burning 10 grams of soil sample at 950 C in a
LEGO medium temperature resistance furnace following methods described by Allison
(1965).

Plant nomenclature follows Welsh and
(1973) for the dicotyledons and
Gronquist et al. (1977) for the monocotyledons. Prevalent species (those most
frequently encountered during sampling) of
the various plant communities are reported
as equal to the average number of species per

Moore

0.01 ha sampling area

examined (Warner and

Harper 1972).
Gluster

values (in percent)

= S min

(Sneath

and

computed

(XiYi)/2

max

via the formula:

(XiYi)

where

SI

is

the similarity index between two study sites:
the min (XiYi) represents the sum of the
minimum values from the paired relative

abimdance figures across all species found in
stands (XY), and the max (XiYi) represents a
similar figure for the

maximum

values of the

same two stands (Ruzicka 1958). Glustering
the above indices employed unweighted pair
group clustering procedures (Sneath and Sokal 1973). This method computes the average
each unit to the cluster, using
It is widely used and has
been found to introduce less distortion than
other methods (Kaesler and Gairns 1972). Using this technique we expected to cluster
those stands which were most alike together
and thus aid in uncovering relationships existent between them.
Data analysis consisted of computing
means, standard deviations, and coefficients
similarity of

arithmetic averages.

of variation for

all

measured biotic and abiot-

1977). Linear regression
(Gochran and Snedecar 1976) was
applied to the cover values of Glaux maritima in relationship to the associated biotic
ic

variables

(Ott

analysis

and

abiotic factors in the study sites to deter-

mine

the

degree

to

which

they

were

associated.

Results and Discussion

A

were encountered in
were considered prevalent species and are shown in
Table 1. The majority of these species grow

35

total of 1 10 species

stands.

Of

on sites of elevated moisture levels in the soil
and are to some degree tolerant of salinity
and alkalinity.
To assess the relationships of Glaux maritima to the communities in which it occurred, a cluster analysis was performed (Fig.
2).

The

cluster analysis revealed the separa-

tion of the stands into six basic groups, with

two stands remaining apart from the rest.
These two remaining stands were arbitrarily
designated as an independent group, because
they do not represent any particular community and are not clustered significantly with
the other stands.

techniques

analysis

Sokal 1973) were applied to similarity index
SI

301

these 110 species, 14

The Spike Rush Meadow

stands (Group

1;

Fig. 2) are situated in areas that are often in-

undated in early seasons of the year and
which have a continual water supply (either
from springs, seeps, or elevated levels of
ground water throughout the growing season). They are dominated primarily by Eleocharis pahistris and other sedges, with some
contribution from perennial grasses and forbs

(Table

2).

The Marsh Edge Meadows (Group

5; Fig.

broadly scattered type occurring around the entire perimeter of the Utah
Lake marsh as well as being well developed
in areas back from the lake where there is
constant water accumulation from springs or
nmoff. The dominant species of this group is

2) constitute a

Scirpiis pungens, with Distichlis spicata,
Muhlenbergia asperifolia, and Trifoliuin repens as subdominants (Table 2). Although
these meadows are often subjected to in-

Table

1.

Prevalent species associated with

where Glaux maritima was found growing.

sites

Great Basin Naturalist
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Similarity

Spike Rush
Spike Rush
Spike Rush
Spike Rush
Spike Rush
•

Group

I

Spike Rush
Spike Rush

Spike Rush
Spike Rush

Sedge Grass
Saline

Meadow

Saline

Meadow

Saline

Meadow

Saline

Meadow

Group

Sedge Grass
Saline

Meadow

Saline

Meadow

Saline

Meadow

Saline

Meadow

Group

Sedge Grass

Sedge Grass
Sedge Grass

Group

IV

Sedge Grass
Sedge Grass
Sedge Grass
Marsh Edge
Marsh Edge
Marsh Edge

Group V

Marsh Edge

Sedge Grass
Sedge Grass
Marsh Edge

~^ Group

VI

3

Group

VII

niaiitinui

was

Tamarix

Russian Olive
Russian Olive

Fig. 2. Cluster diagram showing the relationships existent between 35 study
found growing. Relationships are based on species cover.

undation

in

the early season, the

meadows

are generally free of standing water

by mid-

summer. Groundwater levels are most often
at or near ground surface.
The Saline Meadow stands (Groups 2 and
.3; Fig. 2) occur around the entire shoreline of
the lake with the exception of the northwest
comer. The soils in these meadows are sea-

sonally

sites

where Ghiiix

wet and the communities are domi-

nated mainly by Distichlis spicata (Table 2).
Group 2 can be differentiated from Group 3
because of the high cover values of Eleocharis palustris

vegetation.

and Junciis balticus in the
of these two species

The presence

indicates higher moisture levels in Group 2
than Group 3.

Table

Species encountered and the communities

2.

the groups (Fig.

in

\\hich tliey occurred. Figures represent the

Sahne

Saline

Spike

Meadow

Meadow

Sedge-

Rush

1

2

grass

0.1

Agropiiron intermedium
Af^ropijnm repen.s

0.7

3.4

0.1

0.1

0.1

Ag/(»/)i/rori ripariiim

A^ropiiron smithii

13.5

0.5

Agmsti.s alba

1.6

1.1

Ambrosia arteniisiifolia
Apocijnum eannabinum

0.3

1.3

12.70
3.3

8.2

0.5

Aselepias incarnata
1.3

Asclepias speciosa

1.1

0.1

0.1

officinalis

Aster brachyactis

1.1

Aster chilensis

0.6

Atriplex patula

5.8

4.9

1.3

0.2

8.0

0.3

Bidens frondosus

Bromus tectorum
Calamagrostis canadensis

1.2

3.3

3.0

19.6

Cardaria draba
0.1

0.1

Carcx aurca
Carcx hoodii

0.1

Carcx ncbraskensis

0.4

0.5

(^arex pracgracilis

0.6

35.2
0.2

Carcx rostrata
CastUlcja linariaefolia
Castilleja

0.2

2.4

0.1

0.1

minor

C'cntauriunt cxidfatum

Chcnopodium album
Cirsium ancnsc
Cirsium undulatum

0.3

1.5

0.2

0.6

0.2

11.25

16.8

Cirsium utahense
0.4

Cordi/hinthus canescens
Crepis runcinata

0.4

1.1

Cressa truxUIensis
Cifperus erythrorhizos

Descurainia sopJiia
Disticlilis spicata

Elaeagnus angustifolia
Eleocharis pahistris
Eleocharis rostellata

Equisetwn hyemale
Equisetum kansanum
Erigeron lonchophyUus
Eupatorium maculatum
Festuca elatior

Glaux maritima
Ghiciirrliizd Icpidota

Grindclia sifuarrosa

Haplopappus kinceokitus
Hclcnium autumnalc
Hclianthus annuus
Hordcum brachyantherum
Hordeum jubatum

ha

axilluris

Juncus balticus
Juncus torreyi

2.6

—

Agropifron suhsccinuhnn

(upiatilis

Marsh

0.1

Acfitcd serriola

Carcx

mean cover

in

1).

Species

Asparagus

303
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1.2

Russian

Inde-

Olive

pendent
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Table 2 continued.
Saline

Spike

Rush

Species

1

Kodiia scoparia

0.1

Koelarki crisiata

0.6

Lactuca scariohi
Lepiditim nu>ntanu)ii
Lepiilitim peifoliatiini
0.1

Lifcopus americanus
Lijcopufi lucidus

1.2

Medicago

0.2

Itipulina

0.2

Melilotus alha
Melilotiis officimdis

Mendui arvcnsis
Middcnhergki (inscrina
Midi Icnbergia asperifoUa
Pariiciini capdiare

0.1

Panicum lirgafum

1.8

Plaiitago kinceolata

Plantaop major

Poa neiadcnsis
Poii prat ens is

Pohjopman coccineitm
Pohiaontim pennstjhaiiicuni
Poh/ooniini raniosissimitni

Poh/pogon monspclicnsis
Potentdla anserina
Potentdki gracilis
PttccineUia airoides

Raniincidiis ctjmhahiria

Ranunculus

Rumex
Ruppia

testiciihittis

crisptts

maritittia

Salicornia rubra
Scirpits

americanus

Scirpus pallidus
Scirptis

pungcns

Senecio

liiidiojihiillus

Sisijrinchiuiii luilophditm

Sonchus asper
SphenophoUs ohtusata
Sporoholus airoides
Siiaeda depressa

Tamarix ramosissima
Taraxacum officinale
Tragopogon duhius
Trifolium pratense
Trifoliitm repcns

Triglochin maritima

Verbena hastata
Veronica aqiiatica
Viguiera ciliutu
Viola nephrophijlla

Xandiocepliahtm sarothrae
Xandiiiim strumariiiin

4.6
1.4

Pldaiis anindinacea

—

Saline

Meadow Meadow
2

Sedge-

Grass

Marsh

Russian

Inde-

Olive

pendent
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story species,

and the iinderstory

is

nated by Scirpus pungens and several

domi-

weed

species.

The

grass-sedge

meadows (Group

are distributed around the lake on

4; Fig. 2)
its

north,

and south boundaries but extend back
from the marsh edge meadows toward higher
and drier ground. These areas are seasonally
saturated, but excess water generally has
drained away by late spring. Groundwater
east,

levels are high all season in these areas. Sed-

ges dominate the cover.

The

differentiation of the cluster groups

(Fig. 2)

and

appears to be related to the moisture

salt

tolerance relationships of the domi-

305

es,

< .001). As grass cover increassedge cover decreases. Several soil miner-

als

are correlated to this relationship. Iron

correlated (p

is

<

positively correlated with sedges (p
.05),
indicating that where sedge cover is high iron
is also high. On the other hand, iron is negatively correlated with grasses (p
.01). Potassium shows an opposite pattern. Potassium is
positively correlated with grasses (p
.01)

<

<

and negatively correlated with sedges (p <
.05). Magnesium (p < .05) and pH (p < .01)
also show positive correlation to grasses, yet
show no significant relationships with sedges.
These relationships generally reflect the importance of a moisture gradient

in

vegetation

nant species. All groups are either seasonally

patterns described above. Sedges occupy the

inundated part or

wetter habitats.
Glaux maritima cover is uniformly distributed throughout the various groups (Fig.
2; Table 2), with the exception of the Russian
olive communities. The Russian olive stands
are in pastures that are subjected to irrigation
throughout the growing season. The drastic
decrease in Glaux maritima cover in the Rus-

all of the year or expeelevated levels of groundwater
through the growing season. The moisture
levels so close to the surface are due to
ground water, springs, and seeps. The spikerush and marsh edge commimities have consistently high water tables, whereas the other
commimities may experience lowered water

rience

summer.
Tlie difference between the saline meadow
groups (Groups 2 and 3; Fig. 2) is probably
moisture and soluble salts related. Group 2
has lower salt levels and more moist soils and
occupies the edge of the marsh. The stands in
the group are dominated by Distichlis spi-

sian olive stands

tables late in

cata, along with Eleocharis pahistris, Junciis
balticiis, Carex aqiiatilis, and Viola nephrophyUa. All of these species are associated
with high levels of moisture in the soil. The
Group 3 stands occupy a somewhat "drier",

more

saline

habitat

and are dominated by

PucineUia oeroides, and
Triglochin maritima. All are species adapted
to the drier and more saline end of the

Distichlis

spicata,

gradient.
soil factors were measured relative
35 stands studied. They are listed along
with their mean and standard deviations in
Table 3. The relation of these factors to the
groups described in Figure 1 is shown in
Table 4. Correlation analysis was conducted
to assess any relationships between Glaux
maritima cover and other habitat factors

Sixteen

to the

(Table

An

5).

shown from
between the grass
forms. They are negatively

interesting

correlation analysis

and sedge

life

relationship
is

that

lation analysis,

was also shown in the correwhere Glaux maritima was

<

negatively correlated to tree cover (p
0.1).
Trees as a life form were positively correlated with potassium

phorus

(p

<

.01).

(p

<

.05)

and phos-

This relationship

is

also

Table 4, where the ppm for both
these elements in the soil is somewhat higher
in the Russian Olive communities. This

shown

in

Table 3. Soil factors in sites where Glaux maritima is
found growing, along with their means, standard deviations,

and

coefficients of variation.
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Table 5. Results of correlation analyses between
tima was found growing.

factors (hiotic

and

abiotic) associated with sites

Na

where Glaiix mari-

Negative correlations

Positive correlations

Variable

BlOTIC FACTORS
Glaux maritima (cover)

307

(.05)

soluble salts (.05)

Trees (cover)

ppm P (.05)
ppm K (.01)

Grasses (cover)

ppm Mg (.05)
ppm k'(.01)
pH (.01)

Forbs (cover)

sedges

Sedges (cover)

ppm Fe

sedges

(.05)

ppm Fe

(.01)

sedges (.001)

(.01)

ppm K

(.05)

(.05)

trees (.05)
gras.ses (.001)

forbs (.01)

Monocots

ppm P

(cover)

%C
pH
Abiotic factors
P (ppm)

%C

(.05)

(.05)

(.01)

monocots

(.05)

(.05)

trees (.05)

Ca (ppm)

%C

Mg (ppm)

grasses (.05)

K (ppm)

pH

(.001)

%C

(.05)

ppm Fe

(.05)

sedges

trees (.01)

(.001)

(.05)

grasses (.01)

Na (ppm)

soluble salts (.001)

Glaux maritima

Fe (ppm)

Mn

(ppm)

(.05)

ppm Mn (.05)
ppm Zn (.01)
ppm Cu (.01)

ppm K (.001)
pH (.05)

Sedges

grasses (.01)

soluble salts (.05)

(.05)

ppm Fe

(.05)

Zn (ppm)

ppm Fe (.01)
ppm Cu (.05)

Cu (ppm)

ppm Fe (.01)
ppm Zn (.05)

C(%)

ppm P (.05).M ppm Mg
ppm Ca (.001)

(.05)

monocots

(.05

soluble salts (.05)

%
%
%
%

Sand (%)

Clay (%)

pH

ppm K

Soluble salts (ppm)

ties,

sand (.001)
silt

(.05)
(.05)

trees (.01)

monocots

ppm Na (.001)
% C (.05)

ppm Fe

(.01)

(.05)

(.05)

— chemical and microbiological properAmerican Society of Agronomy, Inc., Madi-

son, Wisconsin.

(.001)

clay (.001)

ppm Fe

(.05)

Glaux maritima

analysis

silt

BouYoucos, G. J. 1951. A recalibration of the hydrometer method for making mechanical analysis of
soils.

Journal of

Agronomy 43:434-438.
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D
CC
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o

8
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6
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o
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Q.
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'o

>

4

O

o

O
c
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(D

1

1000

2000

3000

Soluble Salts

r

1

4000
in

5000

6000

7000

8000

the Soil (ppm)

Historgrani showing the relationships between Ghiiix iiuiiitiuia cover, average number of species per (|uadand parts per million salt in the soil. Dark bars represent average number of species per Cjuadrat and clear bars
repre.sent Glaux maritima cover.
Fig. 3.

rat,

Brotherson, J. D., AND W. E. EvENSON. 1982. Vegetation communities surrounding I'tah Lake and its
bays. Utah Lake Vegetation Studies report to the
Division of Wildlife Resoiuces, State of Utah and
U.S. Bureau of Reclamation, Provo, Utah 84602.
401 pp.
Christie, E. K. 1979. Ecosvstem processes
grasslands

II:

litter

in

production, decomposition,

593 pp.
Cronquist, a., A., H. Holmgre.n, N. H. Holmc;ren, J.
L. Reveal, and P. K. Holmgren. 1977. Inter-

—

vascular plants of the Inter-

West, USA Vol. 1, The Monocotyledons. Columbia Univ. Press, New York.
584 pp.
Dapper, H. 1969. On the distribution of halophvtes on a
salty habitat in the interior of middle Europe.

Daubenmire,

A canopy coverage method

1959.

R.

vegetational

analvsis.

Northwest

of

Science

S.

F.

Brewster. 1972. Distribu-

Jones,

J.

B.

1973. Soil testing in the United States.

Comm.
Kaesler, R.

498 pp.
1972. Cluster analvsis of

Soil Sci. Plant Anal. 4:,307-.322.

L., a.nd J. Cair.ns.

data from limnological survevs of the upper Poto-

KoNovov,

River. .\mer. Midi. Nat. 88:56-67.

K. E. 1978. Statistical

methods of comparing
soils. Pochvovedenie

the hvdro thermal state of
9:1.33-1.36.

33:43-66.

Gra.ndin, M. 1973.

The

and

on the
carbohvdrate concentration in the hibernacle
roots of Glaux maritima L. Annales Des Science
effect of cold

salinitv

Naturelles 48:.33-40.

sodium chloride and soil water
on development and carbohydrate,
mineral element, and sodium content of Glaux
1981. Influence of

satiiration

maritima.

C, and

community. U.S. Dept. Agr. Forest Serv. Res.
Pap. INT- 1.30. Intermoimtain Forest and Range
E-xperiment Station, Ogden, LUah.
Isaac, R. A., and J. D. Kerber. 1971. Atomic absorption
and flame photometrv: technique and uses in
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